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INVESTIGATION OF SRIIJER ~ONS WITH AND WITHOUT A GAP

BEHIND THE SFOILER ON A 45° SWEPTBAK WING-FUSELAGE

COMBINATION AT MACH NUMBERS FROM 0.60 TO 1.03

By F. E. West, Jr., William Solomon,

suMMARY

and Edward M. Brunma1

An investigateion was conducted with several 73-percent semispsn
inboard spoiler ailerons, projetting 4 percent of the local wing chord
from the wing surface, and located at the 70-percent chord line of
s,450 sweptback wing-fuselage cmnbination. The nmdel consisted of a
wing with an aspect ratio of 3.98, taper ratio of 0.61, and NACA 65AO06
airfoil sections parallel to the plane of symmetry in combination with
a blunt-tail fuselage of fineness ratio 10. Six-component force data
were obtained during the investigation in the Langley 16-foot transonic

tunnel at Mach numibersfrom O.60 (Reynolds nuniberof 5.1x 106) to 1.03
(Reynolds number of 6.2 x 106) for an an@e-of-a.ttack range of approxi-
mate~ -2° to 26°.

Although upper-surface-spoiler configurations with a gap in the wing
behind the spoiler lost rolling-moment effectiveness above an angle of
attack of 60, they did retain some effecti~ness even at high angles of
attack for the entire transonic speed range, whereas an upper-surface-
spoiler configuration without a gap lost complete effectiveness at high
angles of attack for most Mach nmbers. The upper-surface-spoiler effec-
tiveness ticreased with ticrease in width of the wing gap. Although at
low angles of attack the influence of wing-gap width decreased with
increase in Mach nuiber, little chsnge in the ~luence.of the gap width
occurred at high angles of attack. A lower-surface spoiler was less
effective than a corresponding upper-surface spoiler at low angles of
attack and produced a substantial rolling moment in the reversed direction
at high angles of attack. Twu oppositely deflected spoilers were found
to be useful.mainly in the lower angle-of-attack range where the rolling
moment produced was much greater than for a single upper-surface spoiler.
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INTRODUCTION .

Because flap-type ailerons on sweptback wings lose effectiveness .
with approach to transonic speeds, as indicated in reference 1, the need
has existed for a lateral-control device which would retain effectiveness -
throughout the speed and angle-of-attack range. Spoil&r ailerons have.
been shown to be effective on sweptback wings and their effectiveness
has been found to increase through the transonic speed range. (See
reference 2.) In addition, spoiler ailerons can be dgsigned with very
low hinge moments and they tend to produce less wing twist than conven-
tional flap-type ailerons. Although numerous investigations of spoilers
have been conducted at low speeds, most of the spoiler investigations at
transonic speeds have been conducted at low angles of attack and low
Reynolds nunibers. (For example, see ref. 2.) A systematic test progrsm
has therefore been initiated in the Langley 16-foot transonic tunnel to
,obtain force and pressure data for various spoiler configurations in the
transonic speed range at moderately high Reynolds numbers and over a
wide range of angle of attack. The initial investigation of this program
has been conducted on a 45° sweptback wing-fuselage combination at 0° yaw
and a Mach nuniberrange from 0.60 to 1.03.

The spoilers investigated were of the retractable type and extended
along the 70-percent chord line from the fuselage (or 14 percent of the
wing semispan) to 87 percent of the wing semispan and_were projected

.

from the wing surface 4 percent of the local wing chord. This paper
presents the six-component force-test results which were obtained 9
during this initial investigation. Aerodynamic characteristics are sh~wn
for an upper-surface-spoiler configuration having vsxious widths of gap
in the wing behind the spoiler, for a lower-surface spoiler alone, and .

for a lower-surface spoiler in combination with an upper-surface spoiler.
A comparison is also made between spoiler effectiveness and flap-type
ailer& effectiveness over the Mach-number range.

Emmcn.s

The forces and the mxnents are presented about the wind sxes which
have their origin at the intersection of the plane of symmetry and a
point which corresponds to the 25-percent-chord station of the mew
aerodynamic chord.

b wing span

c local wing chord

E wing mean aerodymmic chord

—
4
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drsg coefficient, Drag/qS

lift coefficient, Lift/qS

rolLing-moment coefficient, Roll- moment/qSb

pitching-moment coefficient, Pitching moment/qS?

yawing-moment

lateral-force

coefficient,

coefficient,

free-stresm Mach nuniber

base pressure coefficient,

static pressure at base of

Yawing moment/qSb

Lateral force/qS

model

free-stresm static pressure

free-stream dynsmic pressure

fuselage radius

total wing area

longitudinal distance, positive resxward of fuselage nose.

angle of attack of fuselage center lihe relative ta test-
section center line

incremental coefficients

—

producedby control

APPARATUS

Tunnel.- The investigation reported
Langl~foot transonic tunnel, which is a single-return wind tunnel

herein was conducted in the

having a slotted throat of octagonal cross section. The msximum vari-
ation of average Mach nuniberwas about ti.002 along the test-section
center line in the vicinity of the model. For details of the test-
section configuration smd of the calibration of the tunnel, see
reference 3.



Model .- Figure 1 presents the geometric detain of the basic model *_
configuration (model without spoilers) and of the six spoiler configura-
tions tested. The basic model configuration for these.tests was a modi.
fication of the 45° sweptback wing-fuselage model which was tested pre- .

viously.(ref. 4). The steel wing had NACA 65AO06 airfoil sections par-
allel to the plane of symmetry, qpaz’ter-chord-linesweep of 45°, taper
ratio of 0.61, and aspect ratio of 3.98. As in the model of reference 4,
the wing was designed to have no incidence, dihedral, or twist, and was
mounted in a midwing position on the fuselage. The modified fuselage, con-
structed of steelj with a fineness ratio of 10~ had an afterbody which was
less tapered than the fuselage of reference ~. For the_present tests, the
quarter chord of the mean aerodynamic chord was located-at the longitudinal
position of the maxtiun fuselage diameter.

The spoilers for these tests (fig. 1) stiulated retractable spoiler-
aileron configurations pivoted about the ~-percent chord line. Spoilers
were tested without a gap in the wing and with gaps of various widths ti
the wing behind the spoiler. These spoilers were located along the
70-percent chord line and were projected 4 percent of the local wing chord
from the wing surface. The spoilers, extended from the fuselage (14 per-
cent of the wing semispan) to t,he87-percent wing semispm station and
had a sweep angle of 41.6°. The wing gap behind the spoller~ for the

.

configurations with a gap, extended outboard from the 15-percent to the
@-percent wing semispan station. The oppositely deflected spoiler con-
figuration had one spoiler mounted on the upper surface of the left wing
and one on the lower surface of the right wing with no gap behind the
spoilers.. .

—
—

—

Base pressures were measured by three orifices located two inches
inside the base of the model. The pressures were indicated on a mercury

.

manometer board, which was photorecorded. —.

Model support system.- A single swept cantilever ~trut supported
the sting-mounted model. This model support_has been described in detail
in reference 4. The model was near the tunnel center line at all angles
of attack. A straight coupling between the stin
variations in the angle of attack from

~ ad t& model permitted
-4° to 15 ; a 10 coupling extended

the range.

Forces
strain-gage

TESTS

and moments were measured by a six-component electrical-
balance mounted within the fuselage._ The angle-of-attack

range for this investigation was about -2° to 26° at Mach numbers from ___ _.._ .~
0.60 to O.go. At Mach numbers from 0.94 to 2.03 the maximum angle of
attack was limited by allowable sting-support stresses.or available

r

*



NACA RM L5~7a 5

tunnel power. For exsmple, the maximum angle of attack was usually about
I@ at a Mach nunber of 1.03. A few configurations were tested to a Mach
nmber of 1.07 at 0° angle of attack, and a few tests with the basic model
were extended to -4° angle of attack. The Reynolds nunibervsriation over
the speed range of the tests is shown in figure 2.

PRECISION AND CORRECTIONS

Force-data accuracy.- The estimated maximum error of the drag coef-
ficient is K1.001 at low angles of attack and increases to M.005 at the
highest angles of attack. The estimated msximum error of the other coef-
ficients is tabulated below:

Lift coefficient. . . . . . . . . . . . . . . . . . . . . . . . s .01
Pitching-moment coefficient . . . . . . . . . . . . . . . . . M .oo~
Rolling-moment coefficient . . . . . . . . . . . . . . . . . . *O .001
Yawing-moment coefficient . . . . . . . . . . . . . . . . . . M.ool .
Mteral-force coefficient . . . . . . . . . . . . . . . . . . m .002

Angle of attack.- The angles of attack presented include an adjust-
ment for sm incremental angle, determined from static calibration of
model angu3ar deflection as a function of pit-&dng moment and normal-
force loads. This incremental angle approaches 2° under some loading
conditions. Based on the repeatability of deflection measurements made
dur,ingthe static calibrations, the estimated msximwn error of the angle-
of-attack measurements is*O.lO. Tunnel-flow angularity is believed to
be small..

Base-pressure adjustments.- Drag and lift data were ad~usted to the
condition of free-stresm static pressure at the nmdel base. The average
of the base pressures measured for alJ.the configurations at a given
speed and angle of attack, which is shown in figure 3, was used for base-
pressure adjustments to the data for &El.configurations. Maximum scatter
from the base-pressure curves was +0.0~, which amounted to a drag coef-
ficient of approximately *0.0007.

sting and tunnel-wall effects.- Sthg interference was not considered
of importance for these tests (other than the effects on the base pres-
sures) because all lateral-control-configuration changes were made on the
~, which was remote from the sting. Although some blocksge, lift, snd
wave-reflection interferences exist in a slotted-wall wind tunnel for a
lifting model, the smount and effect of this wall interference is small
within the present test Mach number range. (See ref. 5.) Therefore,
no corrections for wall interference have been applied to the data pre-
sented herein.
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RESULTS AND DISCUSSION

Data obtained for the seven configurations tested..arepresented in
plots showing the variation of the aerodynamic characteristics with angle
of attack. A comparison of the lift, drag, and pitching-moment character-
istics of two upper-surface-spoiler configurations with the basic model
characteristics is presented in figure 4. Figures 5, 6 and 7 present
the influence of the several spoiler configurations on the rolling-moment,
yawing-moment, and lateral-force characteristics as well as on the
incremental-lift, drag, and pitching-moment characteristics. In figures 4
to 7, the gap configurations are identifiedby the gap .dfiensionin the_.
wing surface opposite to that on which the spoiler is mounted, as shown
in figure 1.

.

— -—

Effect of Upper-Surface Spoilers on Basic —

Model Characteristics

Lift coefficient.- Fi@re 4(a) shows that both upper-surface-spoiler
configurations usually produced less lift at..~given aggle of attack than

—.—

the basic-model configuration for all Mach ntibers. With increases In
.—

angle of attack above about 60, these lift losses decre–ased.
—

Drag coefficient.- Figure 4(b) shows for all Mach numbers an appre-
.-

ciable increase in the drag of the spoiler configurations over that of .-

the basic model at low angles of attack. This &rag rise decreased rapidly
with increasing angle of attack. .

Pitchirig-momentcoefficient.- The upper-surface-s~oiler configura-
tions produced a positive shift in pitching moment rela_tiveto the basic-
model trim condition up to approximately & angle of attack at the lower
Mach numbers (fig. 4(c)). With increase in Mach number, the magnitude
of this shift became luger and the shift extended to higher angles of
attack. The magnitude of the unstable pitching-moment break occurring

.—

at an angle of attack of about 8° tended to be reduced by the upper-
—

surface spoilers. There was generally little influence of the upper-
surface spoilers on pitching moment at the h.i@est sngles of attack.

Effect of Gap on Spoiler Characteristics

Rollirig-momentcoefficient.- Figure 5(a) shows that adding a gap
through the wing behind an upper-surface spoiler result6d in an increase
in rolling-moment effectiveness throughout the trausonic speed range for *
all amgles of attack. The beneficial effect”6f a wing~ap at transonic ,
speeds has been previously observed in reference 6. ‘I’he spoiler

w
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configuration with no w5ng gap generally became ineffective at an angle
of attack of 160. Although the spoiler configurations with wing gaps
experienced a loss of effectiveness above an angle of attack of 6°
(fig. 5(a)), they generally, however, did retain a small amount of effec.
tiveness even at the high angles of attack.

The decrease in rollinn-moment effectiveness with increase in sngle
of attack above 6° may not necessarily be accompanied by a proportional
decrease in the rate of roll. Reference 7, which presents data up to a
Mach number of 0.93, shows that the damping in roll of a 45° sweptback
wing configuration decreases at the higher angles of attack. This reduced
dsmping in roll could possibly allow a satisfactory rate-of roll even at
the low values of rolling-moment coefficient developed by the spoiler
configurations at high ez@es of attack.

Figure 5(a) also shows that the rolling-moment effectiveness of the
spoiler configurations increased with increase of the lower.surface gap
width throughout the angle-of-attack and Mach number range. Hence, it
appesrs that further increases in the lower-surface gap width would result
in increased rolling-moment effectiveness as long as the upper-surface
gap remained above some critical width. The influence of the gap width
on rolling moment decreased with increase in Mach nuuiberat low angles
of attack (fig. 5(a)). Little change occurred in the gap effectiveness
with increase in Mach number at the high angles of attack.

Study of the results indicated that the one change in upper-surface
gap width had no apparent effect on rolling-moment effectiveness. Con-
jecture as to the reason the lower-surface gap is an important psrsmeter
leads to the assumption that this gap acts as a flush air scoop.- Such
a scoop would tend to have an increased influence as the angle of attack
was increased.

Yawing-moment coefficiento- The yawing moment for upper-surface
spoilers below an angle of attack of about 1.2°was found to be either
slightly favorable or negligible throughout the test Mach number range
(fig. 5(b)). At the higher sngles of attack, the upper-surface spoilers
tended to produce a slight adverse yawing moment. Gap width had no sig-
nificant effect below an angle of attack of approximately 12°. Above
X2° use of a gap tended to make the yawing moment more adverse than for
the spoiler with no gap.

Lateral-force coefficient.- All upper-surface-spoiler configurations
tended to produce a positive lateral force at the low snd intermediate
angles of attack with little effect of gap size, figure 5(c). At sngles
of attack above approximately 19 a negative lateral force was produced.

Incremental-1ift, drsg, and pitching-moment coefficients.- The
effects of gap width on incremental-lift, incremental-drag snd
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incremental-pitching-momentcoefficients shown in figures 5(d), 5(e),
and 5(f), respectively, showed little difference from-the effect,snoted

.

in figure 4 for only two spoiler configurations. In general; the lift —

loss was greater for the configurations ~th a wing gap than for the ●

configuration with no wing gap, but there w&s no appm$’enttrend with
gap width. !l’herema negligible effect of gap width on incremental-dreg
coefficient. Increases in gap width, howev&,”had a tendency to increase
the positive pitchtig-moment increment at the higher @Qes of attack
and Mach numbers.

Comparison of Upper- and Lower-Surface.-

Spoiler Chsxacteristlcs

Rolling-moment coefficient.- In figure 6(a), it is shown that the
lower-surface spoiler with 0.028 chord gap was less effective than the
corresponding upper-surface spoiler. The lower-s~face spoiler tended
to reverse rolling-moment effectiveness between 8 and 1oo.angle of
attack and to produce a substantial rolling moment in the reversed direc-
tion at the higher angles of attack.

.—

Other coefficients.-.Figure 6(b) shows that the lower-surface spoiler
produced an adverse yawing moment over almost the entire Mach number
range and angle-of-attack range tested. we magnitud= of this adverse
yaw near an angle of attack of 0° was approximately equal to that of the
favorable yaw produced by the upper-surface spoiler. .Lift and pitching- .

moment increments (figs. 6(d) smd (f), res~ectifily) producedby the
lower-surface spoiler exhibited a reversal of sign at”approximately the
ssme angles of attack at which rolling moment showed reversals of sign.

.-

Since the basic model tended to develop a pitch-up s@rting in the region
of 8° to 10° angle of attack (see fig. 4(c)), the rev%rsal of sign of

.-

the incremental pitching moment (from negative to pos=tive), figure 6(f),
indicates that the pitch-up would be more severe for the configuration
with the lower-surface spoiler than for the basic mod%l”. At moderate
angles of attack the drag increment produced by the lower-surfa$e spoikr
(fig. 6(c)) was larger than that produced by the upper-surface spoiler.

-—

Comparison of Upper-Surface Spoiler With.

Oppositely Deflected Spoilers

RollinR-moment coefficient.- The oppositely deflected spoilers,
figure 7(a), produced greater rolling moments than a single upper-suFface
spoiler up to angles of attack of approxiniately10° “=”“whichangle it
was noted in the discussion of figure 6(a) that a lower-surface spoiler
tended to reverse effectiveness. (No gap was used in the wing for the

.—.
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. oppositely deflected and the upper-surface spoilers discussed herein.)
At the hi@er angles of attack the oppositely deflected spoiler config-
uration tended ta reverse effectiveness as would be expected since fig-

., ure 6(a) indicates that a lower-surface spoiler produced a substantial
rolling moment in the reversed direction. This oppositely deflected
spoiler configuration would, therefore, be useful only in the lower
angle-of-attack range.

Other coefficients.- The variation of yawing-moment, lateral-force,
incremental-lift, incremental-drag, and incremental-pitching-moment coef-
ficient with an angle of attack (figs. 7(b), (c), (d), (e), and (f),
respectively) for the oppositely deflected spoilers could have been
predicted approximately from the corresponding curves for the upper- and
for the lower-surface spoilers shown in figures 6(b) to 6(f). For
instance, the negligible yawing moments for the oppositely deflected
spoilers up to en angle of attack of 4° wcmld be expected from the equal
and opposite yawing moments noted in figure 6(b) at the low mgles of
attack.

The failure of the incremental lift curve for the oppositely deflected
spoilers to show no lift at an angle of attack of 0°, (fig. 7(d))~ is
believed to be caused mainlyby a
which may have allowed some small

Effect of Mach Number
.

difference in spoiier m6unting (fig. 1),
model aerodynamic asymmetry to exist.

on Spoiler Effectiveness

T& variation of the rolling-moment coefficient with Mach nuniber
of several spoiler configurations is shown in figure 8. Trends with
Mach number shown for the upper-surfabe spoiler configuration with
0.028-chord wing gap are representative of all the upper-surface spoiler
configurations tested, although the msgnitude of tie rolLing-moment coef-
ficient may differ.

At 0° smd 4° angle of attack there was a gradual incre=e with
Mach number in the upper-surface, the lower-surface, and consequently
in the oppositely deflected spoiler effectiveness that approached a
maximum at a Mach nuiber of 0.94 and then decreased slightly with further
increase in Mach nmnber. At an angle of attack of & the lower-surface
spoiler lost effectiveness with increase in Mach number; at an sngle
of attack of 12° and above, the lower-surface spoiler produced a reversed
rolling moment at all Mach numbers. Both these effects tended to nullify
the rolling-moment effectiveness of the oppositely deflected spoiler con-
figuration at the higher angles of attack. Only the upper-surface smiler
with 0.028-chord wing gap retained some effectiveness over the transonic

. Mach rnmiberrsnge even at the high sqles of attack. As noted in the
discussion of figure 5(a), this upper-surface spoiler with 0.028-chord
gap hsilthe greatest effectiveness of any of the upper-surface spoilers

. with a gap.

,
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Comparison of Spoiler Effectiveness With .

Aileron Effectiveness
“

As a means of illustrating the relative effectiveness of the bes~
spoiler configuration reported herein, figqre 9 presents the approximate
deflection (obtained by extrapolation-of the data of ref. 1) of ~-percent-
chord flap-type ailerons required.to produce the ssme.rolling moment as
the upper-surface spoiler with 0.028-chord wing gap. “No evaluation h&s
been made of rolling-moment requirements desired for flight conditions.
These deflections are for ailerons located on only one wing semispan
and were obtained on a reflection-plane model that is smalller,but a2most
geometrically similar to the model described in this paper (ref. 1).
The O.k>semispan tid the 0.86-semisp= ailerons extended from the fuse-
lage to 57 percent and 100 percent of the wing semispan, respectively.
An increase in aileron deflection with increase in Mach number is reqtired
for both the aileron configurations. The 0.4>semispsn inboard aileron,
in fact, requires an excessive deflection angle at the higher Mach nuribers.

CONCLUSIONS

An investigation was conducted with several 73-percent semispan
inboard spoiler ailerons having a height of.k percent–of the local ~
chord and located along the 70-percent chord line of a 45° sweptback
wing-fuselage combination. Six-component force data were obtained at A.

Mach numbers fro 0.60 (Reynolds number, 5.1 x 106) to 1.o3 (Reynolds
8number, 6.2 x 10 ) for sm single-of-attackrange that usually extended

from -2° to 20° or higher. The results of the investigation indica%e
- _.

the following conclusions:

1. Upper-surface-spoiler configurations with a gap in the wing
behind the spoiler lose rolling-moment effectiveness above an angle of”
attack of 6° but they do retain some effectiveness even at high angles
of attack for the entire transonic speed range, whereas the same type of
spoiler configuration without a gap loses complete effectiveness at high
angles of attack for most Mach numbers.

2. Rolling-moment effectiveness of the Upper-smtice-spoiler con.
figurations increases as the lower-surface wing~ap width is increased.
At low angles of attack the influence of lower-surface wing-gap width
on the rolling-moment effectiveness of the upper-surface-spoiler con-
figurations decreases with increase in Mach nuniber. At high angles of
attack, however, little change occurs in the influence of the lower-
surface gap width on the effectiveness with increase in Mach number.
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. 3. !I!helower-surface spoiler with 0.028-chord wing gap is less effec-
tive at low angles of attack than the correspondirigupper-surface spiler.
This lower-surface spoiler reverses effectiveness between angles of attack

. of & and 10° and produces a stistantial ro3d.ingmoment in the reversed
direction at high angles of attack.

4. For two oppositely deflected spoilers, the rolling-moment effec-
tiveness at low angles of attack is much greater than for the single
upper-surface spoiler, but reversal of effecti~ss occurs at angles
of attack above approxhnately I.@, where the reversed effectiveness of
the lower-surf&.cespoiler becomes predominant.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

langley Field, Va., July 2, 1953.
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